
Supplementary Methods 

Cell Culture and transfection 

ESCC cell lines KYSE510 and ECA109 were purchased from Cell Bank of Type Culture Collection 

of Chinese Academy of Sciences. All cells were grown in RPMI 1640 (Gibco, Sigma-Aldrich, USA) 

or DMEM with Nutrient Mixture F-12 (DMEM/F-12, Gibco, Sigma-Aldrich, USA) supplemented 

with 10% fetal bovine serum (FBS, Gibco, Sigma-Aldrich) and cultured in 5% CO2 at 37 °C. 

Cells were seeded in six-well plates, and the medium was replaced with Opti-MEM. Small 

interfering RNA (siRNA; GenePharma, China) and Lipofectamine 2000 transfection reagent (Life 

Technologies, USA) were transfected into the cells according to the manufacturer's 

recommendations. The target siRNA sequence list as follows: KDSR siRNA-1: 5’- 

GCAUUGCUAUCGAGUGCUATT-3’; KDSR siRNA-2: 5’- GCAGGACAGUUGGGAUUAUTT-

3’; 

Quantitative real-time PCR 

Total RNA was extracted from cells or samples by using TRIzol reagent (Takara, Shiga, Japan). 

Real-time PCR was performed using SYBR-Green master mix (Takara) and products were detected 

by StepOne Plus system (Applied Biosystems, Foster City, CA). β-actin was served as an 

endogenous control. The primers sequences are listed as follows: KDSR forward: 

CGGTTTCACAGCCTACTCTGCA; KDSR reverse: GTTTTCTTCGGCAAAGCCAGGTG. 

Supplementary Results 

CNV analysis of epithelial cells. 

E1 subcluster showed lower variation in CNV compared to other subclusters. Two major CNV 
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pattern was observed in E2~E7 subclusters, one pattern with an obvious CNV gain in the anterior 

end of chromosome 1, and the other pattern with a significant CNV gain in the posterior end of 

chromosome 3 and an apparent CNV loss in chromosome 4 and chromosome 9. Notably, the second 

pattern was consistent with previously reported genomic alterations in ESCC1. Comparing the CNV 

alterations in intramucosal ESCC with those in progressive ESCC, we found that the second pattern 

in the current study was similar to the malignant cluster 3 in a recently published study, apart from 

the fact that CNV was increased in chromosome 9 in our pattern while decreased in malignant 

cluster 3 in progressive ESCC2. Although the two CNV patterns both presented in E2~E7 

subclusters , the proportion of the second pattern was higher in E7 subcluster at a single cell 

resolution. After applying Bayes normalization, E7 subcluster exhibited a unique gain in CNV at 

the posterior end of chromosome 20 and the middle of chromosome 3. The CNV signal at the 

anterior end of chromosome 6 was highest in E7 subcluster and also increased in E5 and E6 

subclusters.  

T cell annotation and metabolic characteristics  

In subclusters presented both in tumor and paratumor tissues, Tregs expressing its typical marker 

FOXP3 and CTLA4 (Figure 3D, Supplementary Figure S3A)3, PD1+CD4+ T cells expressing 

checkpoint molecule gene PDCD1(Figure 3D, Supplementary Figure S3A) 4 and CD8+ CTLs 

expressing GZMK and CST7 were enriched in tumor tissues compared with paratumor tissues 

(Figure 3E). Interestingly, we have further noticed that transcriptome factor TOX2, which plays an 

important role in Tfh cell differentiation 5 also showed an increased expression level in PD1+CD4+ 

T cells (Figure 3D, Supplementary Figure S3A), this cooccurrence might indicate a shared 

contribution to the exhaustion of T cells and the suppressive immune microenvironment in tumor 



tissues. Besides, CD4+ TMs enriched equaly in tumor and paratumor tissues presented a high level 

of IL7R and KLRB1(Figure 3D, Supplementary Figure S3A), the representative genes of CD4+ 

TRMs (tissue-resident memory T cells)6 , which is a special subcluster of TIL (tumor infiltrating 

lymphocyte) that possesses the ability to reside in tissues indefinitely and to mount a rapid immune 

response to its cognate antigens. Within T cell clusters presented respectively in tumor and 

paratumor tissues, CD4+ TNs and CD8+ TNs were both identified by their typical marker CCR7 and 

TCF7(Figure 3D, Supplementary Figure S3A), CD4+ ISG+ T cells expressed a high level of ISG15 

and ISG20(Figure 3D). But MAIT cells in our samples presented a naïve-like state, marked by TCF7 

and plac8 (Supplementary Figure S3A). CD8+ TMs in paratumor tissues was defined by CCL5 and 

GZMA, indicating its function as TCMs (Central Memory T cells). 6.  

Intrestingly, we found that oxidative phosphorylation in intramucosal ESCC infiltrated PD1+CD4+ 

T cells showed strong negative correlations with the phenotypes such as interleukin signaling 

pathway, which disappeared in PD1+CD4+ T cells in adjacent tissues (Supplementary Figure S3C).  

Myeloid cell annotation 

cDC1 was characterized by high expression of PSAP, FGL2 and HLA-DPA1, whereas pDC was 

enriched with GZMB, MAP1A and MZB1 (Figure 4E). These two subclusters were consistent with 

the expression profile of the original classification of conventional DC1 and pDC. CD1C+LYZ- DC 

and CD1C+LYZ+ DC subclusters both had high expression of CD1C, and were considered as 

members of cDC2. Moreover, CD1C+ DCs were further distributed with two clusters with similar 

number of cells. CD1C+LYZ+ DC had a strong signature of acute and chronic inflammatory genes 

such as of LYZ, ICAM3 and HLA-DPB1 compared to CD1C+LYZ- DC (Figure 4E). Interestingly, 

the proportion of CD1C+LYZ+ DC was lower in tissues compared with PBMC, while the proportion 



of CD1C+LYZ- DC was higher in tissues (Figure 4F). The CD1C+LYZ- DC and CD1C+LYZ+ DC 

subclusters were similar to CD1C_A and CD1C_B subclusters defined by Villani et al7. S100A9+ 

DC presented a high expression profile of S100A9, CYP1B1, S100A12, etc. Previous studies 

suggested that S100A9+ DC presented inhibited differentiation, and was associated with 

accumulation of myeloid-derived suppressor cells in cancer 8. IFN induced DC was characterized 

by high expression of CLC, GATA2, MS4A2, MS4A3, and was similar to an IFN induced DC subset 

in muring DC system9. Another subcluster was named as cycling DC according to the GO analysis 

(Figure S1C), suggesting that this subcluster was in cell cycle.  

CAFs annotation 

iCAF1 and iCAF2 expressed high levels of FBLN1, CCDC80, IGFI, IGFBP6,CFD and SFRP2 , 

and complement genes (C3 and C7) (Figure 5C, Supplementary Figure S4). Accordingly, fibroblasts 

in these two subclusters were named inflammatory CAFs10. mCAF1 and mCAF2 expressed high 

levels of extracellular matrix signatures including POSTN, MMP11, MMP14, and collagen 

molecules including COL3A1, COL1A1, COL5A1, etc, with GO terms enriched with extracellular 

matrix organization, extracellular structure organization, ossification and collagen fibril 

organization (Figure 5D), so we designated them as matrix CAFs 11. eCAF mainly expressed 

epithelium-specific marker genes such as KRT15, KRT 6B, KRT6A and KRT19, which was in 

consistent with the EMT-like CAFs in a previous report 12.GO analysis of this subcluster also 

revealed enrichment in epidermis and skin development, and energy related pathways such as ATP 

metabolic process and mitochondrial transport (Figure 5D). Thus, this subgroup was named eCAF 

to account for its relationship with energy and EMT.  
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Supplementary figure legends 

Supplementary Figure S1.  

A.Heatmap showing marker genes of the identified 12 major cell types, color indicates the effect 

size. 

B. Heatmap showing marker genes of E1~E7, color indicates the effect size. 

 

Supplementary Figure S2 

A. CNV profiles showing a relative variation between epithelial cells originated from tumor and 



paratumor specimen before Bayes normalization. 

B. Distribution of E1~E7 in tumor and paratumor specimens shown by tSNE plots. 

C. The effect of KDSR knockdown on EMT of ESCC in vitro at the RNA level. 

 

Supplementary Figure S3 

A. Heatmap showing marker genes of different T cell subclusters from paratumor specimen. 

B. Distribution of T cell subclusters in paratumor specimens of different patients. 

C. Oxidative phosphorylation in intramucosal ESCC infiltrated PD1+CD4+ T cells showed strong 

negative correlations with phenotypes like interleukin signaling pathway. 

 

Supplementary Figure S4. Heatmap showing marker genes of different CAF subclusters. 

 

Supplementary Figure S5. Dotplot showing metabolic characteristics of subclusters of CAFs, 

both color and size indicate the effect size. 

 



 

 
 

Supplementary Table 2. Demographics and pathological characteristics of patients included in 
immunohistochemistry analyses 

Group No. Age Sex T N M 

High grade dysplasia 

1 59 Male  Tis N0 M0 
2 54 Female  Tis N0 M0 
3 57 Male Tis N0 M0 
4 49 Male Tis N0 M0 
5 65 Male Tis N0 M0 

Intramucosal ESCC 

1 66 Male  T1a N0 M0 
2 80 Male  T1a N0 M0 
3 74 Female  T1a N0 M0 
4 53 Male  T1a N0 M0 
5 67 Male  T1a N0 M0 

Progressive ESCC 

1 64 Male  T2 N1 M0 
2 67 Male T3 N0 M0 
3 77 Female T3 N0 M0 
4 66 Male T3 N1 M0 
5 61 Male  T3 N0 M0 

*Normal esophagus tissues come from the microscopic normal parts of the high-grade dysplasia group. 
ESCC: esophageal squamous cell carcinoma 

Supplementary Table 1. Pathological characteristics of patients and percentage of E7 cell 
percentages 

  
Tissue 
size(cm) 

Iodine 
uncolored 
area(cm) 

Microscopic 
lesion(cm) 

Stage (depth of 
tumor invasion) 

E7 cell number 
percentage 

 

Tumor 
Para-
tumor 

Patient01 3*2.5 2.5*1.5 3*2 
T1a 

(Muscularis 
mucosae) 

0.31 0.05 

Patient02 3.8*2.3 2.5*1.3 3*l.2 
T1a (Lamina 

propria 
mucosa) 

0.16 0.05 

Patient03 3.9*5 2.7*2 3*2.5 Tis 0.00 0.00 

Patient04 9*8 8*7 4.8*4.3 
T1a (Lamina 

propria 
mucosa) 

0.23 0.12 

Patient05 5.8*2.8 5.2*2.2 4.8*1.5 
T1a (Lamina 

propria 
mucosa) 

0.25 0.03 
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